- : SEMICONDUCTOR MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a semiconductor memory device, and 

in particular, to a technique of providing a high-speed readable mask ROM. 

2. Description of the Related Art 

FIG. 6 is a circuit diagram showing a configuration of a contact-type 

10 mask ROM as a conventional semiconductor memory device. The 

contact-type mask ROM has a configuration in which whether or not a drain 
of a memory cell transistor is connected to a bit line through a contact is 
associated with "0" and "1" of memory data. 

In FIG. 6, the conventional semiconductor memory device is composed 

15 of a memory ceU array 3, a column decoder 2, a sense amplifier 18, and a 
charge signal generation circuit 4. 

The memory ceU array 3 is configured so that memory cells Mij (i = 1 
to m, J = 1 to n) of N-type MOS transistors are arranged in a matrix. Gates 
of the memory cells Mij are connected respectively to word lines WLi (i = 1 to 

20 m) commonly in a row direction (memory cells having the same numerical 

value of i), and sources thereof are grounded. Herein, drains of the memory 
cells Mij are connected to bit fines BLj (j = 1 to n) in the case where memory 
data is "0'', and are not connected to bit lines BLj (j = 1 to n) in the case where 
the memory data is "1". 

25 The column decoder 2 is composed of N-type MOS transistors Cj (j = 1 

to n). All drains of the N type MOS transistors C j (j = 1 to n) are commonly 
connected. Gates thereof are connected respectively to column selection 
signal lines CLj (j = 1 to n), and sources thereof are connected respectively to 
the bit fines BLj (j = 1 to n). 

30 The sense amplifier 18 is composed of a P-type MOS transistor 5 for 

charging (charging circuit), an inverter 8 for determining output data of the 
memory cells Mij (determination inverter), and an inverter 9 for buffering an 
output signal of the inverter 8 (buffering inverter). A gate terminal of the 
P-type MOS transistor 5 receives a charge control signal NPR of the charge 

35 signal generation circuit 4. A soxirce terminal thereof is suppfied with a 

supply voltage VDD, and a drain terminal thereof is connected to a common 
drain of the N-type MOS transistors Cj (j = 1 to n). The inverter 8 receives a 



1 



signal of the common drain of the N-type MOS transistors Cj (j = 1 to n), and 
determines output data of the memory cells Mij. The inverter 9 receives an 
output signal from the inverter 8, and outputs memory data of the memory 
cells Mij. 

5 The charge signal generation circuit 4 receives a dock and an address 

from outside, and outputs the charge control signal NPR to a gate of the 
P-type MOS transistor 5 for charging. 

Next, the operation of reading data of the memory cell Mil, as an 
example, in the semiconductor memory device configured as described above 

10 will be described with reference to FIG. 7. FIG. 7 is a timing chart for 
signals in respective portions of the sense amplifier 18. 

First, among the column selection signal Unes CLj (j = 1 to n), CLl is 
changed to a logic "H" level, and the other CL2 to CLn are changed to a logic 
"L" level, whereby the N-type MOS transistor Cl is turned on among the 

15 transistors constituting the column decoder 2, and the other transistors C2 to 
Cn are turned off. Furthermore, the word hne WLl is changed firom the 
logic 'Tf" level that is a non-selected state to the logic "H" level that is a 
selected state, and the other word hnes WL2 to WLm are retained to be the 
logic *T." level that is a non-selected state. 

20 Next, the charge control signal NPR is changed fi:om the logic 'T¥' 

level to the logic 'Ti" level, and the P-type MOS transistor 5 for charging is 
turned on. 

Herein, in the case where the drain of the memory cell Mil is 
connected to the bit line BLl, the current capability of the memory cell Mil is 

25 larger than that of the P-type MOS transistor 5 for charging. Therefore, an 
input signal SIN (SDSTO) of the inverter 8 becomes lower than a switching 
level VTH of the inverter 8. An output signal SOUT (SOUTO) of the inverter 
8 holds the logic 'H" level, and an output signal OUT (OUTO) of the inverter 9 
holds the logic "L" level. 

30 On the other hand, in the case where the drain of the memory cell 

Mil is not connected to the bit line BLl, the bit line BLl is charged by the 
P"type MOS transistor 5 for charging, and the input signal SIN (SINl) to the 
inverter 8 has a voltage higher than the switching level VTH of the inverter 8. 
Therefore, the output signal SOUT (SOUTl) of the inverter 8 turns to be the 

35 logic 'TJ' level, and the output signal OUT (OUTl) of the inverter 9 turns to 
be the logic 'TI" level. At this time, a read time tRD is determined by a time 
during which the P-type MOS transistor 5 for diarging charges the bit line 
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BLl. 

The above-mentioned conventional semiconductor memory device has 
the following problem. 

In the case where the memory ceUs Mij are connected to the bit lines 
5 BLj, data are determined by setting the level of the input signal SIN CSINO) 
to the inverter 8 to be lower than the switching level VTH of the 
determination inverter 8 xmder the condition that the P-type MOS transistor 
5 for charging and the memory cell Mij are in a ON state. Therefore, the 
current capability of the P-type MOS transistor 5 for charging is set to be 
10 smaller than that of the memory cells Mij. 

In recent years, the current capability of the memory cells Mij has 
decreased along with the miniaturization of a process and the enhanced 
performance of equipment. Furthermore, the number of the memory cells 
Mij to be connected to the bit lines BLj is increased to enhance the bit line 
15 capacitance. Along with the decrease in current capabihty of the memory 
cells MLj, the current capabihty of the P-type MOS transistor 5 for charging 
also is decreased, and the capacitance of the bit hnes to be charged by the 
p-type MOS transistor 5 for charging is increased. Therefore, a charge time 
is prolonged, which results in a prolonged read time tRD. 

20 

SUMMARY OF THE INVENTION 

Therefore, with the foregoing in mind, it is an object of the present 
invention to provide a semiconductor memory device capable of rapidly 
charging a bit hne, and enabling high-speed reading, even when the current 
25 capability of a memory cell is decreased, and the capacitance of a bit line is 
increased. 

In order to achieve the above-mentioned object, a first semiconductor 
memory device of the present invention includes- a memory cell array in 
which memory cells are arranged in a matrix! a plurahty of word lines 

30 connecting gate terminals of memory cells commonly in a row direction; a 

plurality of bit lines connecting drain terminals of memory cells commonly in 
a column direction; a determination circuit (determination inverter, buffering 
inverter) for determining data of the memory cells; a column selection circuit 
(column decoder) for selectively connecting the bit hnes to the determination 

35 circuit; a charging circuit for charging the bit hne selected by the column 
selection circuit and an input terminal of the determination circuit; and a 
charge signal generation circuit for controUing the charging circuit. The 



3 



charging circuit includes- a first charging subcircuit that is operated when an 
output signal (NPR) of the charge signal generation drcuit is in an active 
state! and a second charging subcircuit that is operated when the output 
signal of the charge signal generation circuit is in an active state and a 
5 voltage of the selected bit line is lower than a predetermined voltage. 

According to the above configuration, imtil an input signal (SIN) of 
the determination circuit reaches a switching level (VTH) of the 
determination drcmt, the second charging unit is operated in addition to the 
first charging unit to charge a selected bit line. After the input signal (SIN) 
10 of the determination circuit reaches the switching level (VTH) of the 
determination circuit, the selected bit hne is charged only by the first 
charging unit. 

In order to achieve the above-mentioned object, a second 
semiconductor memory device of the present invention includes- a memory 

15 cell array in which memory cells are arranged in a matrix! a plurahty of word 
lines connecting gate terminals of memory cells commonly in a row direction; - 
a plurality of bit lines connecting drain terminals of memory cells commonly 
in a column direction! a determination circuit (determination inverter, 
buffering inverter) for determining data of the memory cells! a column 

20 selection circuit (column decoder) for selectively connecting the bit lines to the 
determination circuit! a charging circuit for charging the bit line selected by 
the column selection circuit and an input terminal of the determination 
circuit; and a charge signal generation circuit for controlling the charging 
circuit. The charging circuit includes^ a first transistor (e.g., a P-type 

25 transistor for charging) having a source terminal suppHed with a supply 

voltage (VDD), a gate terminal suppHed with an output signal (NPR) of the 
charge signal generation circuit, and a drain terminal connected to an input 
terminal of the determination circuit! a second transistor (e.g., a P-t5^e 
transistor) having a source terminal supphed with the supply voltage (VDD) 

30 and a gate terminal suppUed with the output signal (NPR) of the diarge 
signal generation circuit! and a third transistor (e.g., a N-type transistor) 
having a source terminal connected to a drain terminal of the second 
transistor, a gate terminal connected to the output terminal of the 
determination circuit, and a drain terminal connected to the input terminal of 

35 the determination circuit. 

According to the above configuration, imtil an input signal (SIN) of 
the determination circmt reaches a switching level (VTH) of the 
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determination circuit, the second transistor is operated via the third 
transistor in addition to the first transistor to charge a selected bit Une. 
After the input signal (SIN) of the determination circuit reaches the 
switching level (VTH) of the determination circuit, the selected bit line is 
5 charged only by the first transistor. 

In order to achieve the above-mentioned object, a third semiconductor 
memory device of the present invention includes^ a memory cell array in 
which memory cells are arranged in a matrix; a plurahty of word lines 
connecting gate terminals of memory cells commonly in a row direction; a 

10 plurality of bit Hnes connecting drain terminals of memory cells commonly in 
a column direction; a determination circuit (determination inverter, buffering 
inverter) for determining data of the memory cells; a column selection circuit 
(column decoder) for selectively connecting the bit lines to the determination 
circuit; a charging circuit for charging the bit line selected by the column 

15 selection circuit and an input terminal of the determination circuit; and a 
charge signal generation circuit for controlling the charging circuit. The 
charging circuit includes- a first transistor (e.g., a P-tjTpe transistor for 
charging) having a source terminal supphed with a supply voltage (VDD), a 
gate terminal supphed witJi an output signal (NPR) of the charge signal 

20 generation circuit, and a drain terminal connected to an input terminal of the 
determination circuit; a second transistor (e.g., a P-type transistor) having a 
source terminal supplied with the supply voltage (VDD) and a gate terminal 
supphed with the output signal of the charge signal generation circuit; a third 
transistor (e.g., a N-type transistor) having a source terminal connected to a 

25 drain terminal of the second transistor and a drain terminal connected to the 
input terminal of the determination circuit; and an inverter having an input 
terminal connected to the input terminal of the determination circuit and an 
output terminal connected to a gate terminal of the third transistor. 

According to the above configuration, until an input signal OSIN) of 

30 the inverter reaches a switching level (VTH) of the inverter, the second 
transistor is operated via the third transistor in addition to the first 
transistor to charge a selected bit fine. After the input signal (SIN) of the 
inverter reaches the switching level (VTH) of the inverter, the selected bit 
line is charged only by the first transistor. 

35 In order to achieve the above-mentioned object, a fourth 

semiconductor memory device of the present invention includes- a memory 
cell array in which memory cells are arranged in a matrix; a plurahty of word 
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lines connecting gate terminals of memory cells commonly in a row direction; 
a plurality of bit lines connecting drain terminals of memory cells commonly 
in a column direction; a determination circuit (determination inverter, 
buffering inverter) for determining data of the memory ceUs; a column 
5 selection circuit (column decoder) for selectively connecting the bit lines to the 
determination circuit; a charging circuit for charging the bit line selected by 
the column selection circuit and an input terminal of the determination 
circuit; and a first charge signal generation circuit for controlling the 
charging circuit. The device further includes- a dummy memory cell array in 

10 which dummy memory cells are arranged in a column direction; a dummy bit 
line connecting drain terminals of the dummy memory cells; a dummy 
determination circuit; a dummy selection circuit for connecting the dummy 
bit line to the dummy determination circuit; a dummy charging circuit having 
the same internal configuration as that of the charging circuit, for receiving 

15 an output signal (NPR) of the first charge signal generation circuit and 

charging the dummy bit line connected through the dummy selection circuit 
and an input terminal of the dummy determination circuit; and a second 
charge signal generation circuit (e.g., OR circuit) for receiving an output 
signal (DMOUT) of the dummy determination circuit and an output signal 

20 (NPR) of the first charge signal generation circuit to control the charging 
circuit. The charging circuit includes- a fixst charging subdrcuit that is 
operated when the output signal (NPR) of the first charge signal generation 
circuit is in an active state; and a second charging subcircuit that is operated 
when the output signal (NPR) of the first charge signal generation circuit is 

25 in an active state and the output signal (DMOUT) of the dummy 
determination circuit is in a predetermined logic state. 

According to the above configviration, imtil the output signal 
(DMOUT) of the dummy determination circuit is changed, the second 
charging unit is operated in addition to the first charging unit to charge a 

30 selected bit line. After the output signal (DMOUT) of the dummy 

determination circuit is dianged, the selected bit line is charged only by the 
first charging unit. 

In order to achieve the above-mentioned object, a fifth semiconductor 
memory device of the present invention includes- a memory cell array in 

35 which memory cells are arranged in a matrix; a plurality of word lines 

connecting gate terminals of memory cells commonly in a row direction; a 
plurality of bit lines connecting drain terminals of memory cells commonly in 
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a column direction; a determination circuit (determination inverter, bviffering 
inverter) for determining data of the memory cells; a column selection circuit 
(column decoder) for selectively connecting the bit Unes to the determination 
circuit; a charging circuit for charging the bit hne selected by the column 
5 selection circuit and an input terminal of the determination circuit; and a 
first charge signal generation circuit for controlling the charging circuit. 
The device further includes- a dummy memory cell array in which dummy 
memory cells are arranged in a column direction; a dummy bit lines 
connecting drain terminals of the dummy memory cells; a dummy 

10 determination circuit; a dummy selection circuit for connecting the dummy 
bit Unes to the dummy determination circuit; a dummy charging circuit 
having the same internal configuration as that of the charging circuit, for 
receiving an output signal (NPR) of the first charge signal generation circuit 
and charging the dummy bit hne connected through the dummy selection 

15 circuit and an input terminal of the dummy determination circuit; and a 
second charge signal generation circuit for receiving an output signal 
(DMOUT) of the dummy determination circuit and the output signal (NPR) of 
the fijst charge signal generation drcuit to control the charging circuit. The 
charging circuit includes- a first transistor (e.g., a P-type transistor for 

20 charging having a source terminal supphed with a supply voltage (VDD), a 
gate terminal supphed with the output signal (NPR) of the first charge signal 
generation circuit, and a drain terminal connected to the input terminal of 
the determination circuit; and a second transistor having a source terminal 
supphed with the supply voltage (VDD), a gate terminal supplied with an 

25 output signal (NPR2) of the second charge signal generation circuit, and a 
drain terminal connected to the input terminal of the determination circuit. 

According to the above configuration, imtil the output signal 
(DMOUT) of the dummy determination circuit is changed, the second 
transistor is operated in addition to the first transistor to charge a selected 

30 bit hne. After the output signal (DMOUT) of the dummy determination 

circuit is changed, the selected bit hne is charged only by the first transistor. 

According to the above-mentioned Embodiments 1 to 3, by adding a 
charging drcuit for charging a bit hne up to a switching level VTH of a 
determination inverter for determining data of a memory cell, the bit line can 

35 be charged rapidly up to the switching level of the inverter for determining 
data of a memory cell. Therefore, even when the current capabiUty of the 
charging circuit is decreased and the bit hne capacitance is increased, a 
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charge time can be shortened, whereby high speed reading can be performed. 

Furthermore, according to the above-mentioned Embodiments 4 and 
5, by controlling the ON time of a dummy charging circuit by a dummy 
memory cell array and a dummy sense amphfLer, a bit hne can be charged 
rapidly xmtiL the output signal DMOUT of the dummy determination drcuit 
is changed. Therefore, even when the current capabihty of the charging 
circuit is decreased and the bit line capacitance is increased, a charge time 
can be shortened, whereby high-speed reading can be performed. 

These and other advantages of the present invention will become 
apparent to those skQled in the art upon reading and understanding the 
following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram showing an exemplary configuration of a 
semiconductor memory device according to Embodiment 1 of the present 
invention. 

FIG, 2 is a timing chart for signals in respective portions of a sense 
amplifier 1 shown in FIG. 1. 

FIG. 3 is a circuit diagram showing an exemplary configuration of a 
semiconductor memory device according to Embodiment 2 of the present 
invention. 

FIG. 4 is a circuit diagram showing an exemplary configuration of a 
semiconductor memory device according to Embodiment 3 of the present 
invention. 

FIG. 5 is a timing chart for signals in respective portions of the 
semiconductor memory device shown in FIG. 4. 

FIG. 6 is a circuit diagram showing an exemplary configuration of a 
conventional semiconductor memory device. 

FIG. 7 is a timing chart for signals in respective portions of a sense 
amplifier 18 shown in FIG. 6. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention wiU be described by way of 
preferred embodiments with reference to the drawings. 

EiTihnHim ent 1 

FIG. 1 is a circuit diagram showing an exemplary configuration of a 
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semiconductor memory device according to Embodiment 1 of the present 
invention. 

In FIG. 1, the semiconductor memory device includes a sense 
ampHfier 1, a column decoder 2, a memory ceU array 3, and a charge signal 
5 generation circuit 4. The sense amplifier 1 includes a F'type MOS transistor 
5 for charging, a P-type MOS transistor 6, a N-type MOS transistor 7, a 
determination inverter 8, and a buffering inverter 9. The column decoder 2, 
the memory ceU array 3, the diarge signal generation circuit 4, the P type 
MOS transistor 5 for charging, the determination inverter 8, and the 

10 buffering inverter 9 are the same as those in the conventional example shown 
in FIG. 6. These components are denoted with the same reference numerals 
as those in FIG. 6, and the description thereof will be omitted here. 

The P-type MOS transistor 6 has a source for receiving a supply 
voltage VDD and a gate to which a charge control signal NPR output from the 

15 charge signal generation circuit 4 is apphed. The N-type MOS transistor 7 
has a source connected to a drain of the P-type MOS transistor 6, a gate 
connected to an output terminal of the determination inverter 8, and a drain 
connected to an input terminal of the determination inverter 8. 

Next, the operation of reading data of a memory ceU Mil, as an 

20 example, in the semiconductor memory device configured as described above 
wiQ be described with reference to FIG. 2. FIG. 2 is a timing chart for 
signals in respective portions of the sense amphfier 1. 

First, among column selection signal hnes CLj (j = 1 to n), CLl is 
changed to a logic "H" level, and the other CL2 to CLn are changed to a logic 

25 "L" level, whereby a N-tjT)e MOS transistor Cl is turned on among the 

transistors constituting the column decoder 2, and the other transistors C2 to 
Cn are turned off. Furthermore, a word hue WLl is changed from the logic 
"L" level that is a non- selected state to the logic 'TI" level that is a selected 
state, and the other word lines WL2 to WLm are retained to be the logic 'Ti" 

30 level that is a non-selected state. 

Next, the charge control signal NPR is changed fi-om the logic 'H" 
level to the logic 'T." level, and the P type MOS transistor 5 for charging and 
the p-type MOS transistor 6 are turned on. 

Herein, in the case where a drain of the memory cell Mil is connected 

35 to a bit line BLl, the level of an input signal SIN (SINO) of the determination 
inverter 8 is determined based on the relationship between the charge 
current capabihty of the P-type MOS transistor 6 via the N-type MOS 
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transistor 7 and the P-t5T)e MOS transistor 5 for charging, and the discharge 
current capability of the memory cell Mil. When the level of the input 
signal SINO of the determination inverter 8 exceeds a threshold value Vt of 
the N-type MOS transistor constituting the determination inverter 8, an 
5 output signal SOUT (SOUTO) of the determination inverter 8 decreases from 
a supply voltage VDD level. Consequently, the gate level of the N type MOS 
transistor 7 decreases, and the charge current capabihty of the P-type MOS 
transistor 6 via the N type MOS transistor 7 becomes small. 

The input signal SINO of the determination inverter 8 reaches a level 

10 at which the charge current capability of the P-tj^e MOS transistor 6 via the 
N-type MOS transistor 7and the P-type MOS transistor 5 for charging is in 
balance with the discharge current capability of the memory ceU Mil. The 
size of the N type MOS transistor 7 previously is set so that the balance level 
is lower than a switching level VTH of the determination inverter 8. 

15 Therefore, the level of the input signal SINO of the determination inverter 8 
is lower than the switching level VTH. Consequently, the output signal of 
the determination inverter 8 holds the logic *TI" level, and the output signal 
of the buffering inverter 9 holds the logic 'U* level. 

On the other hand, in the case where the drain of the memory ceU 

20 Mil is not connected to the bit hne BLl, the output signal SOUT (SOUTl) of 
the determination inverter 8 holds the logic 'TI" until the level of the input 
signal SIN (SINl) of the determination inverter 8 reaches the switching level 
VTH of the determination inverter 8. Therefore, the bit Une BLl is charged 
by the P type MOS transistor 6 via the N-type MOS transistor 7 and the 

25 P-tj^e MOS transistor 5 for charging. 

However, when the level of the input signal SIN 1 of the 
determination inverter 8 reaches the switching level VTH of the 
determination inverter 8, the output signal SOUT OSOUTl) of the 
determination inverter 8 is changed from the logic 'TI" level to the logic 'Ti" 

30 level, and the N-type MOS transistor 7 is turned off. Therefore, the bit hne 
BLl is charged only by the P-type MOS transistor 5 for charging. At this 
time, the output signal OUT (OUTl) of the buffering inverter 9 is changed 
from the logic '"L" level to the logic 'T¥' level. 

As described above, according to the present embodiment, a bit hne is 

35 charged by both the P type MOS transistor 6 via the N type MOS transistor 7 
and the P-type MOS transistor 5 for charging imtil the level of the input 
signal SIN of the determination inverter 8 reaches the switching level VTH, 
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whereby a charge time is shortened. Consequently, a read time is shortened, 
and high speed reading can be performed. 

Embodiment 2 

5 FIG. 3 is a drcviit diagram showing an exemplary configuration of a 

semiconductor memory device according to Embodiment 2 of the present 
invention. 

In FIG. 3, the semiconductor memory device includes a sense 
amplifier 10, a column decoder 2, a memory cell array 3, and a charge signal 

10 generation circuit 4. The sense amplifier 10 includes a P type MOS 

transistor 5 for charging, a P-type MOS transistor 6, a N-tj^pe MOS transistor 
7, a determination inverter 8, a buffering inverter 9, and an inverter 11. 

The column decoder 2, the memory ceU array 3, the charge signal 
generation circuit 4, the P-type MOS transistor 5 for charging, the P-tj^e 

15 MOS transistor 6, the N-type MOS transistor 7, the determination inverter 8, 
and the buffering inverter 9 are the same as those in Embodiment 1 shown in 
FIG. 1. These components are denoted with the same reference numerals as 
those in FIG. 1, and the description thereof will be omitted here. 

In the sense amplifier 10, the inverter 11 receives an input signal SIN 

20 of the determination inverter 8, and apphes an output signal to a gate of the 
N-type MOS transistor 7. Furthermore, a switching level of the inverter 11 
is lower than the switching level VTH of the determination inverter 8. 

Next, the operation of reading data of a memory cell Mil, as an 
example, in the semiconductor memory device configured as described above 

25 will be described. The reading operation is the same as that in Embodiment 
1 shown in FIG. 2. 

First, among column selection signal lines CLj (j = 1 to n), CLl is 
changed to a logic "H'' level, and the other CL2 to CLn are changed to a logic 
'U' level, whereby a N-type MOS transistor CI is turned on among the 

30 transistors constituting the column decoder 2, and the other transistors C2 to 
Cn are turned off. Furthermore, a word Une WLl is changed from the logic 
'Ti" level that is a non-selected state to the logic 'B" level that is a selected 
state, and the other word lines WL2 to WLm are retained to be the logic 'TJ' 
level that is a non-selected state. 

35 Next, a charge control signal NPR is changed from the logic "H" level 

to the logic "L" level, and the P type MOS transistor 5 for charging and the 
P-type MOS transistor 6 are both tumed on. 
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Herein, in the case where a drain of the memory cell Mil is connected 
to a bit line BLl, the level of an input signal SIN CSINO) of the determination 
inverter 8 and the inverter 11 is determined based on the relationship 
between the charge current capability of the P-tj^e MOS transistor 6 via the 
5 N-type MOS transistor 7, and the P-type MOS transistor 5 for charging and 
the discharge current capability of the memory ceU Mil. 

When the level of the input signal SINO approaches the switching 
level of the inverter 11, an output signal of the inverter 11 is changed from 
the logic "H" level to the logic "L" level, and the N-type MOS transistor 7 is 

10 changed from an ON state to an OFF state. Therefore, the charge current 
from the P-type MOS transistor 6 ceases, and the level of the input signal of 
the determination inverter 8 and the inverter 11 is determined based on the 
relationship between the charge current capability of the P-type MOS 
transistor 5 for charging and the discharge current capability of the memory 

15 cell Mil. The level of the input signal SINO becomes lower than the 

switching level VTH of the determination inverter 8. Consequently, the 
output signal SOUT (SOUTO) of the determination inverter 8 holds the logic 
'H" level, and the output signal OUT (OUTO) of the buffering inverter 9 holds 
the logic 'TJ' level. 

20 On the other hand, in the case where the drain of the memory cell 

Mil is not connected to the bit line BLl, the bit line BLl is charged by the 
P-type MOS transistor 6 via the N type MOS transistor 7 and the P type 
MOS transistor 5 for charging until the level of the input signal SIN (SINl) of 
the determination inverter 8 and the inverter 11 reaches the switching level 

25 of the inverter 11. When the level of the input signal SIN 1 of the 

determination inverter 8 and the inverter 11 reaches the switching level of 
the inverter 11, the output signal of the inverter 11 is changed from the logic 
"H" level to the logic 'U' level, and the N type MOS transistor 7 is turned off. 
Therefore, the bit line BLl is charged only by the P type MOS transistor 5 for 

30 charging. The input signal SIN 1 of the determination inverter 8 and the 
inverter 11 reaches a level higher than a switching level VTH of the inverter 
8. Therefore, the output signal of the inverter 8 reaches the logic "L" level, 
and the output signal of the buffering inverter 9 reaches the logic 'TH" level. 

As described above, according to the present embodiment, a bit line is 

35 charged by both the P"type MOS transistor 6 via the N-type MOS transistor 7 
and the P-type MOS transistor 5 for charging until the level of the input 
signal SEN of the determination inverter 8 reaches the switching level of the 
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inverter 11, whereby a charge time is shortened. Consequently, a read time 
is shortened, and high-speed reading can be performed. 

Furthermore, the switching level of the inverter 11 is lower than the 
switching level VTH of the determiaation inverter 8. Therefore, the 
5 difference between the level of the iaput signal SIN of the determination 

inverter 8 and the switching level VTH of the determination inverter 8 ia the 
case where the drain of the memory cell Mil is connected to the bit line BLl 
can be made larger than that in Embodiment 1. Consequently, a stable 
operation can be performed. 

10 

Embodiment 3 

FIG. 4 is a circuit diagram showing an exemplary configuration of a 
semiconductor memory device accordtag to Embodiment 3 of the present 
invention. 

15 In FIG. 4, the semiconductor memory device includes a sense 

amplifier 12, a column decoder 2, a memory ceU array 3, a first charge signal 
generation circuit 4, a dummy sense amplifier 14, a dummy column decoder 
15, a dummy memory cell array 16, and a second charge signal generation 
circuit (OR circuit) 17. 

20 The column decoder 2, the memory cell array 3, the first charge signal 

generation circuit 4, the P-type MOS transistor 5 for charging, the 
determination inverter 8, and the buffering inverter 9 are the same as those 
in the conventional example shown in FIG. 6. These components are 
denoted with the same reference numerals as those in FIG. 6, and the 

25 description thereof will be omitted here. 

The P-type MOS transistor 13 constituting the sense amplifier 12 has 
a source connected to a supply voltage VDD, a gate to which a charge control 
signal NPR2 ou1i)ut from the second charge signal generation circuit 17 is 
appHed, and a drain connected to an input terminal of the determination 

30 inverter 8. Furthermore, the current capabihty of the P-type MOS 
transistor 13 is larger than that of memory cells Mij. 

The dummy sense amplifier 14 has the same configuration as that of 
the sense amplifier 12, gates of the P-type MOS transistor 5 for charging and 
the p-type MOS transistor 13 in the dummy sense amplifier 14 receive a 

35 charge control signal NPR of the first diarge signal generation circuit 4, and 
supply an output signal DMOUT to the second charge signal generation 
circuit 17. 
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The dummy column decoder 15 is composed of a N type MOS 
transistor DC. A drain of the N-type MOS transistor DC is connected to an 
input terminal of the determination inverter 8, a gate thereof receives the 
supply voltage VDD, and a source thereof is connected to a dummy bit line 
5 DBL. 

The dummy memory cell array 16 has a configuration in which 
dummy memory cells DMj (j = 1 to m) of the N-type MOS transistor are 
arranged. A gate of the dummy memory ceU DMj is groimded, a drain 
thereof is connected to the dummy bit line DBL, and a source thereof is 
10 grounded. 

The second charge signal generation circuit 17 receives the charge 
control signal NPR fi-om the first charge signal generation circuit and the 
output signal DMOUT of the dummy sense amplifier 14 to output the charge 
control signal NPR 2 to the gate of the P-type MOS transistor 13. 

15 Next, the operation of reading data of the memory cell Mil, as an 

example, in the semiconductor memory device configured as described above 
wiQ be described with reference to FIG. 5. FIG. 5 is a timing chart for 
signals in respective portions of the semiconductor device shown in FIG. 4. 
First, among column selection signal lines CLj (j = 1 to n), CLl is 

20 changed to a logic 'H" level, and the other CL2 to CLn are changed to a logic 
"L" level, whereby the N-tj^e MOS transistor Cl is turned on among the 
transistors constituting the column decoder 2, and the other transistors C2 to 
Cn are turned off. Furthermore, the word Une WLl is changed from the 
logic 'X" level that is a non-selected state to the logic "H" level that is a 

25 selected state, and the other word lines WL2 to WLm are retained to be the 
logic "L" level that is a non-selected state. The output signal DMOUT of the 
dummy sense amphfier 14 starts its operation from the logic "L" level. 

Then, the charge control signal NPR is changed firom the logic "H" 
level to the logic ^'L" level. The P-type MOS transistor 5 for charging of the 

30 sense amplifier 12 and the P-tj^e MOS transistor 5 for charging, and the 
P"type MOS transistor 13 of the dummy sense amplifier 14 are turned on. 
Furthermore, the charge control signal NPR 2 of the second charge signal 
generation circuit 17 also is changed firom the logic 'TI" level to the logic 'TJ' 
level. Therefore, the P-type MOS transistor 13 of the sense amplifier 12 is 

35 turned on. 

The dummy sense amplifier 14 charges the dummy bit line DBL and 
an input of the determination inverter 8 of the dummy sense amplifier 14 
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with a charge current of the P-type MOS transistor 5 and the P"type MOS 
transistor 13 of the dummy sense ampUfler 14, whereby the output signal 
DMOUT is changed from the logic 'U' level to the logic 'H'' level. 
Consequently, the charge control signal NPR2 of the second charge signal 
5 generation circviit 17 is changed from the logic "L" level to the logic 'H" level. 

Herein, in the case where a drain of the memory cell Mil is connected 
to the bit hne BLl, when the charge control signals NPR and NPR2 are both 
at the logic "L" level, the level of an input signal SIN (SINO) of the 
determination inverter 8 is determined based on the relationship between the 

10 charge current capability of the P-type MOS transistor 5 and the P-type MOS 
transistor 13, and the discharge current capability of the memory cell Mil. 
Furthermore, when the charge control signal NPR is at the logic "L" level, 
and the charge control signal NPR2 is at the logic 'H" level, the level of the 
input signal SINO of the determination inverter 8 is determined based on the 

15 relationship between the diarge current capability of the P-type MOS 

transistor 5 and the discharge current capability of the memory cell Mil. 

As described above, when the charge control signals NPR and NPR2 
are both at the logic 'TJ' level, the current capabUity of the P-type MOS 
transistor 13 is larger than that of the memory cells Mij. Therefore, the 

20 input signal SINO of the determination inverter 8 reaches a switching level 
VTH of the determination inverter 8. Consequently, the output signal OUT 
of the sense amplifier 12 is changed from the logic "L" level to the logic "H" 
level. 

Next, when the charge control signal NPR2 reaches the logic "H" level, 
25 the P-type MOS transistor 13 of the sense amplifier 12 is turned off. 

Therefore, the input signal SINO of the determination inverter 8 becomes 
lower than the switching level VTH of the determination inverter 8. 
Consequently, the output signal OUT of the sense amplifier 12 is changed 
from the logic level to the logic 'X" level. 
30 On the other hand, in the case where the drain of the memory cell 

Mil is not connected to the bit fine BLl, when the charge control signals 
NPR and NPR2 are both at the logic 'X" level, the level of the input signal 
SIN (SINl) of the determination inverter 8 is determined based on the charge 
current capability of the P-type MOS transistor 5 and the P-type MOS 
35 transistor 13. Furthermore, when the charge control signal NPR is at the 
logic 'U' level, and the charge control signal NPR2 is at the logic *TI" level, 
the level of the input signal SINl of the determination inverter 8 is 
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determined based on the charge current capability of the P-type MOS 
transistor 5. 

As described above, when the charge control signals NPR and NPR2 
are both at the logic 'TJ' level, the current capabihty of the P-tj^e MOS 
5 transistor 13 is large. Therefore, the input signal SINl of the determination 
inverter 8 reaches the switching level VTH of the determination inverter 8, 
and the output signal OUTl of the sense amplifier 12 is changed fi^om the 
logic "L" level to the logic '"H" level. 

Next, when the charge control signal NPR2 reaches the logic "H" level, 

10 the P-tj^e MOS transistor 13 of the sense amplifier 12 is turned off. 

Therefore, the charge current capability is decreased; however, the input 
signal SINl of the determination inverter 8 becomes higher than the 
switching level VTH of the determination inverter 8, and the output signal 
OUTl of the sense amplifier 12 holds the logic 'H" level. 

15 As described above, according to the present embodiment, a bit line is 

charged by the P-type MOS transistor 5 and the P-type MOS transistor 13 
until the output signal DMOUT of the dummy sense amplifier 14 reaches the 
logic '*H" level, whereby a charge time is shortened. Consequently, a read 
time is shortened, and high-speed reading can be performed. 

20 Furthermore, when the output signal DMOUT of the dummy sense 

amplifier 14 reaches the logic 'H'* level, a through -current in the case where 
the drain of the memory cell Mil is connected to the bit line BLl can be made 
smaller than that in Embodiments 1 and 2. Therefore, high-speed reading 
and low current consumption can be realized. 

25 High-speed reading and low current consumption also can be realized 

even in the following configuration- the sense amplifier 12 and the dummy 
sense amplifier 14 in the present embodiment are replaced by the sense 
amplifier 1 in Embodiment 1, the charge control signal NPR is apphed to the 
gate of the P tj^e MOS transistor 5 for charging, and the charge control 

30 signal NPR2 is appUed to the gate of the P-type MOS transistor 6. 

Furthermore, high-speed reading and low current consumption also 
can be realized even in the following configuration- the sense amplifier 12 and 
the dummy sense amplifier 14 in the present embodiment are replaced by the 
sense amplifier 10 in Embodiment 2, the charge control signal NPR is apphed 

35 to the gate of the F type MOS transistor 5 for charging, and the charge 

control signal NPR2 is apphed to the gate of the P-type MOS transistor 6. 

As described above, according to the present invention, a circuit that 
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charges a bit line up to a switdiing level of a circmt for determining data of a 
memory cell is added, and the ON time of the second charging drcuit is 
controlled by the dummy memory cell array and the dummy sense amplifier, 
whereby high-speed reading can be realized. 

The invention may be embodied in other forms without departing 
from the spirit or essential characteristics thereof. The embodiments 
disclosed in this application are to be considered in all respects as illustrative 
and not limiting. The scope of the invention is indicated by the appended 
claims rather than by the foregoing description, and all changes which come 
within the meaning and range of equivalency of the claims are intended to be 
embraced therein. 
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